T he hepatitis C virus (HCV) is a major cause of chronic liver disease worldwide, with approximately 170 million people infected. 1 The severity of the disease varies widely from asymptomatic chronic infection to cirrhosis and hepatocellular carcinoma. Liver lesions are thought to be mainly related to immune mediated mechanisms. Factors influencing the outcome of chronic hepatitis C, including age, sex, and alcohol consumption, are poorly understood. 2 3 It is clear that these factors account only partially for the various outcomes of the disease.
Hepatic steatosis is a common histological feature of chronic hepatitis C. Various factors can be associated with hepatic steatosis, including obesity, high alcohol consumption, diabetes type II, and hyperlipidaemia. These factors may contribute to steatosis in patients with chronic hepatitis C. Three studies in chronic hepatitis C patients suggested an influence of steatosis on the progression of fibrosis. [4] [5] [6] However, two other studies did not find an association between steatosis and liver fibrosis. 7 8 Finally, only a few studies, with conflicting results, that included a relatively small number of patients and did not take into account all of the variables for steatosis and fibrosis have been reported. Therefore, we decided to conduct a prospective study in a large group of patients with chronic hepatitis C, taking into account confounding factors for both steatosis and fibrosis (multivariate analysis) to investigate factors associated with steatosis and to determine the relationship between steatosis and liver lesions (grade of necroinflammation and stage of fibrosis).
PATIENTS AND METHODS

Patients
From November 2000 to July 2001, consecutive untreated patients with chronic hepatitis C who had undergone liver biopsy were included prospectively in this study. Chronic hepatitis C was defined by detectable anti-hepatitis C virus (HCV) and serum HCV RNA. Patients with markers of human immunodeficiency virus infection, detectable hepatitis B surface antigen, evidence of autoimmune processes, or those with an alcohol intake .80 g/day were excluded. Among 335 patients, 45 were excluded: 40 with high alcohol intake, three with detectable hepatitis B surface antigen, and two with markers of human immunodeficiency virus infection. Therefore, we studied 290 patients.
Data collection
A questionnaire was completed prospectively on the day of the liver biopsy for every patient. The questionnaire included details on: sex, age (dichotomous: older or younger than 50 years), age at infection, source of infection, estimated duration of infection, alcohol consumption (g/day), tobacco consumption (tobacco equivalents per day), height, and weight. Duration of infection was calculated for 158 patients in whom an estimated date of infection based on the onset of drug use or blood transfusion was known. Body mass index (BMI) was calculated as weight (kg) divided by (height (m)) 2 and definitions for overweight (BMI .25) and obesity (BMI .30) were used.
A fasting blood sample was obtained on the day of liver biopsy for analysis of the following parameters: serum alanine aminotransferase (ALT), c-glutamyl transferase, bilirubin, alkaline phosphatase, serum glucose, cholesterol, and triglycerides.
HCV genotyping was performed using reverse hybridisation with the line probe assay (LiPA; InGeN, Rungis, France). 9 Histological evaluation Liver histology was available for all 290 patients. Histological evaluation was performed without knowledge of the patients' clinical or blood data. All liver biopsies were read by one experienced pathologist and lesions were graded (necroinflammation) and staged (fibrosis score) according to the Metavir scoring system. 10 Steatosis was graded as absent, mild (,10% of hepatocytes), moderate (10-30% of hepatocytes) or marked (.30% of hepatocytes), and massive (.60% of hepatocytes). Liver sections were stained with Perl's Prussian stain for iron grading. Stainable iron in the liver was graded as absent, moderate, or marked.
Statistical analysis
Firstly, we described the whole population using contingency tables. Secondly, we identified predictive factors for the presence of steatosis using both univariate (Pearson's x 2 test or Fisher's exact test, and the Student's t test, as appropriate) and multivariate (logistic regression) analysis to assess the specific effect of each predictor. Factors included in the multivariate model were those with a significance level of p,0.20 in the univariate analysis. Thirdly, using the same procedure, we identified predictive factors for the presence of high stage of fibrosis (Metavir score F2, F3, or F4). Age at infection and estimated duration of infection were not included in the multivariate analysis as this information was available for only 158 patients.
In these models, we have eliminated the hypothesis of multicolinearity between covariables in two different ways. Firstly, for all parameters of the logistic regression, we have compared each parameter with its standard error. As they were not greater than the parameters, one can be confident in the estimations of the parameters. Secondly, we have tested all of the interactions between covariables in each model and none was kept in the model after the stepwise procedure (data not shown).
Statistical analyses used the SAS Release 8.02 statistical software package.
RESULTS
The characteristics of the 290 patients are indicated in Factors associated with the presence of steatosis In our sample, 135 patients (46%) had steatosis. Steatosis was graded as mild in 21%, moderate in 10%, marked in 9%, and massive in 6%. In the univariate analysis (table 3) , there was no significant association between the presence of steatosis and sex, age at infection, source of infection, alcohol consumption, tobacco consumption, cholesterol, triglyceride levels, or iron liver. Compared with patients without steatosis, patients with steatosis were older, had a higher BMI, a longer duration of disease, higher ALT levels, and higher glycaemia (table 3) . Patients with steatosis were more frequently infected with HCV genotype 3. Liver lesions were more severe (both necroinflammation and fibrosis) in patients with steatosis.
In the multivariate analysis, high BMI (odds ratio (OR) 5.6 (95% confidence interval (CI) 1.7-18.5)), high grade of necroinflammation (OR 3.1 (95% CI 1.6-5.7)), and genotype 3 (OR 2.7 (95% CI 1.4-5.5)) were independently and significantly associated with the presence of steatosis (table 4) . Fibrosis was not associated with steatosis.
Factors associated with a high stage of fibrosis In our sample, 181 patients (62%) had a low stage of fibrosis (F0-F1) and 109 patients (38%) had a high stage of fibrosis (F2-F4). In the univariate analysis (table 5) there was no significant association between the presence of high stage of fibrosis and source and duration of infection, alcohol consumption, tobacco consumption, glycaemia, cholesterol, triglycerides, and HCV genotype. Patients with a high stage of fibrosis were more frequently men, were older, had a higher BMI, higher ALT levels, a higher grade of necroinflammation, and had steatosis more frequently.
In the multivariate analysis (table 6), high stage of fibrosis was associated with male sex (OR 2.4 (95% CI 1.2-4.4)), high BMI (OR 1.9 (95% CI 1.0-3.7)), and high grade of necroinflammation (OR 10.1 (95% CI 5.2-19.7)). Steatosis was not associated with high stage of fibrosis.
DISCUSSION
In our population of 290 consecutive patients with chronic hepatitis C, using multivariate analysis, steatosis was independently and significantly associated with a high BMI, high grade of necroinflammation, and genotype 3, but was not associated with the stage of fibrosis. In addition, using multivariate analysis, we found that moderate or severe fibrosis was associated with male sex, high BMI, and high grade of necroinflammation.
In univariate analysis, there was an association between steatosis and high stage of fibrosis. However, using multivariate analysis, there was no association between steatosis and high stage of fibrosis. Recent studies on HCV showed an association between steatosis and high stage of fibrosis and suggested that steatosis accelerates progression of liver fibrosis. [4] [5] [6] In these studies, risk factors for non-viral steatosis were more common than in our population. Therefore, we believe that in patients with chronic hepatitis C, the conflicting results regarding the association between steatosis and high stage of fibrosis may be related to the characteristics of the populations. In a recent study from the USA, 6 where both steatosis (p = 0.04) and high grade of necroinflammation (p,0.0001) were associated with high stage of fibrosis, the population was completely different from our study in terms of metabolic disorders. In the same study, mean BMI was 28 4 6 The prevalence of metabolic disorders (hyperlipidaemia and diabetes) was low in our population and therefore its impact on steatosis could not be evaluated. These metabolic disorders (hyperlipidaemia and diabetes) and obesity are known risk factors for nonalcoholic steatohepatitis. Indeed, liver fibrosis can develop This multivariate analysis used logistic regression with stepwise procedure. Variables included in the model were age (dichotomous: younger or older than 50 years), sex, body mass index (BMI), tobacco consumption, alanine aminotransferase, glycaemia, cholesterol, triglycerides, grade, and stage. 95% CI, 95% confidence interval.
in overweight patients that are free of any other cause of liver disease. 11 However, in this study, no relationship was found between the degree of steatosis and BMI. Interestingly, in another setting (alcoholic patients), increased body weight was found to be associated with liver lesions. 12 Circulating leptin is increased in obesity. Leptin increases transforming growth factor b1 which is an important profibrogenic cytokine in liver fibrosis. 13 Therefore, in chronic hepatitis C, BMI could lead to fibrosis through mechanisms other than steatosis.
We found no significant association between the presence of steatosis or fibrosis and alcohol consumption. This result is in accordance with previous studies. [4] [5] [6] However, controversial results were reported.
14 A possible explanation for these discrepancies is that some studies, in common with ours, excluded patients with a heavy alcohol intake. Another explanation could be that steatosis in most cases, at least in our population, is an innocent finding associated with hepatitis C infection, and may be associated with fibrosis in a subgroup of patients. For example, pure alcoholic fatty liver was found to be associated with a risk of progression to cirrhosis in univariate analyses but when multivariate analysis was used, the grade of steatosis was not associated with a high risk of progression to hepatic fibrosis and/or cirrhosis. 15 In our cohort study, using multivariate analysis (taking into account confounding factors associated with steatosis), we found a relationship between hepatic steatosis and HCV genotype 3. When statistic analysis was performed in patients with important steatosis (.60%), genotype 3 was the main associated factor. An association between steatosis and HCV genotype 3 was previously reported but several studies included small patient populations and confounding variables for steatosis were not always excluded. 4 16 17 In our study, in a large population and excluding confounding factors, we can confirm that genotype 3 is associated with steatosis. Furthermore, we showed in a previous study that genotype 3 was associated with higher quasispecies heterogeneity. 18 In vitro studies and the transgenic mouse model have both suggested that the HCV core protein is possibly responsible for lipid accumulation. 19 20 It has recently been reported in transgenic mice that HCV core protein could inhibit microsomal triglyceride transfer protein activity and very low density lipoprotein secretion, leading to steatosis. 21 In another study, core protein expression in transgenic mice was confirmed to lead to steatosis but the mechanism postulated seemed to be related to mitochondrial toxicity with production of reactive oxygen species. 22 All in vitro models have used constructs derived from genotype 1 isolates. Further studies using genotype 3 isolates are needed.
Interestingly, in our study, using multivariate analysis, we found an association between steatosis and high grade of necroinflammation (p,0.0001). Necroinflammation is a dynamic process and may fluctuate over time, and could accelerate fibrosis progression. There are several mechanisms which may explain the relationship between steatosis and necroinflammation. An in vitro study has shown that the HCV core protein could lead to oxidative stress. 23 In addition, steatosis of any cause can be associated with the development of inflammatory changes in the setting of oxidative stress. 24 Moreover, HCV is associated with increased production of cytokines 25 that enhance inflammation. Furthermore, in our study, using multivariate analysis, we found an association between high grade of necroinflammation and fibrosis (p,0.0001). The association between fibrosis progression and necroinflammatory activity scores on liver biopsy is controversial. In a study on a single liver biopsy, there was little or no correlation between severity of necroinflammatory activity and degree of fibrosis. 3 However, necroinflammatory activity is a dynamic process in chronic hepatitis C and may fluctuate over time. The activity score likely reflects the severity of necrosis and inflammation at a given point. In some cross sectional studies and in most longitudinal studies, the degree of necroinflammatory activity was associated with subsequent progression of fibrosis. 6 26 27 There is reason to believe that the necroinflammatory process is implicated in the fibrogenesis process because stellate cells are activated around necroinflammatory lesions. 28 In conclusion, in our population of patients with chronic hepatitis C, fibrosis was not associated with steatosis but with necroinflammation (fig 1) . This result suggests that steatosis is not a significant determinant of fibrosis in patients with chronic hepatitis C without metabolic disorders which are known risk factors for non-alcoholic steatohepatitis. As we found an association between high BMI and fibrosis, we recommend counselling for body weigh control in patients with chronic hepatitis C.
Genotype 3 Steatosis Fibrosis
Age over 50 years Male
High BMI Necroinflammation Figure 1 Steatosis in chronic hepatitis C. In our population with chronic hepatitis C, we found on the one hand that steatosis was associated with a high body mass index (BMI), high grade of necroinflammation, and genotype 3, and on the other hand that fibrosis was associated with male sex, high BMI, and high grade of necroinflammation. There was no association between steatosis and fibrosis.
